Background: Algorithms for preoperative cardiac evaluation prior to noncardiac surgery use indices of the metabolic equivalent ofactivities ofdaily living (METs). We evaluated METs as a predictor of cardiac complications following elective, noncardiac surgery.
INTRODUCTION
As the longevity of the population increases, more and more elderly patients are being scheduled for elective, noncardiac surgery [1] . The higher prevalence of cardiovascular disease in the older population increases the risk of perioperative cardiovascular complications and death.
Noninvasive cardiac tests that mimic the stress of anesthesia and surgery have been developed to estimate the cardiovascular risk associated with these procedures. However, the predictive value of these tests is not high and their routine use dramatically increases the cost of healthcare [2, 3, 4] .
The American College of Cardiology and the American Heart Association (ACC/AHA) have addressed these issues with the development of the ACCIAHA Guidelines for Perioperative Cardiovascular Evaluation for Noncardiac Surgery for the preoperative cardiac evaluation of patients with cardiovascular disease who are presenting for elective, noncardiac surgery [5] . The ACCIAHA Guidelines recommend a strategy of stratification based on the presence or absence of clinical indicators, the proven risk of the proposed surgery, and an estimation of metabolic equivalent of activities of daily living (METs). Epidemiological studies and controlled clinical trials have substantiated the value of both the clinical indicators of cardiovascular disease and the risk of various types of surgery [6, 7] . However, the correlation of METs with adverse cardiac outcomes has not been validated in a prospective study of a large number of patients scheduled for a variety of noncardiac surgical procedures.
We estimated METs prospectively during a preanesthetic assessment in advance of the patient's elective admission to the hospital for inpatient, noncardiac surgery (ambulatory surgery patients were not included). In this report, we will analyze the predictive value of METs for perioperative cardiovascular morbidity and mortality.
MATERIALS AND METHODS
An electronic medical record was implemented in the Preadmission Center at Yale-New Haven Hospital in 1996 for the preanesthetic evaluation of surgical patients scheduled for same-day admission to the hospital. Patients scheduled for ambulatory surgery (same day admission and discharge) were not included. Evaluations were performed by an anesthesiologist during a clinic visit within eight weeks of admission for surgery. A template was included in the electronic record to document the physician's estimation of patients' METs, based on historical reporting by the patients, in accordance with the criteria of the ACC/AHA Guidelines and the Duke Activity Status Index (Table 1) [8] . The electronic record also recorded patient demographics, medical history, limited physical exam, diagnoses, and proposed surgery. Data were recorded in a relational database using hand-held tablet computers in a clientserver network. The medical history and limited physical examination allowed determination of ASA-PS (Table 2) [9] , an established index that correlates well with adverse perioperative outcomes [10] .
The Human Investigation Committee of the Yale School of Medicine approved this study. Because of the observational nature of the study, the Committee advised that patient informed consent for participation was not necessary.
There were 8639 patient visits to the Preadmission Center from November 1996 to March 1999. The Perioperative cardiac morbidity and mortality, and length of stay were determined from the hospital's inpatient financial and medical records. To determine cardiac complications, the administrative database was searched for patients who were discharged with cardiovascular diagnoses (ICD-9-CM codes 410 through 414.9). One investigator (RW) reviewed the discharge summaries of those patients with cardiac discharge diagnoses and determined which diagnoses actually represented cardiac complications occurring during the hospitalization rather than preexisting conditions. Forty-two physicians performed preanesthetic assessments during the period of data collection. Physician identity was recorded in each database record. This allowed a quantitative analysis of the distribution of each physician's assessment for both ASA-PS and METs.
Descriptive statistics (mean, median, and standard deviation) were determined for patient demographics, and the t-test used for comparison. Linear correlations and multinomial logistic regression were used to determine the statistical correlation among outcomes and patient age, METs, and ASA-PS, with both univariate and multivariate analyses. Receiver operator characteristic (ROC) curves were constructed to provide visual display of the approximate statistical utility of the potential outcome predictors. All calculations were done using SPSS (SPSS version 9, SPSS, Inc., Chicago).
RESULTS
Of the 5939 patients in our study, 62.6 percent were female and 37.4 percent were male. The age ranged from 16 to 96 years with a mean of 54.9 years. Preoperative ASA-PS scores were available on 99 percent of the patients. Pre-operative METs scores were available on 95.4 percent of the sample. Analysis of the database indicates that the age and ASA-PS for the subset of patients with missing data for METs was the same as that for the group with documented METs.
Perioperative cardiovascular morbidity and mortality were observed in 94 patients who underwent elective, noncardiac surgery (Table 3) Ill IV ASA-PS Figure 2 . The American Society of Anesthesiologists physical status classification of patients.
cedures had the highest incidence of cardiovascular complications (32.1 percent). Similarly, carotid endarterectomy was performed in 12.8 percent of patients who had cardiovascular complications, but the incidence was somewhat lower (5.9 percent). Femoral artery bypass procedures were performed in 7.4 percent of patients who had complications and the incidence was 6.4 percent. The most frequent complication was acute congestive heart failure, seen in 37 patients, followed by atrial fibrillation in 30, acute myocardial infarction in 24, other arrhythmias in 13, and acute ischemia without myocardial infarction in 11 (Figure 1 ). Five patients required urgent or emergency coronary revascularization (3 coronary artery bypass grafting, 2 angioplasty). Of the six patients that died, 3 sustained a myocardial infarction, 2 had a primary cardiac arrest (one with myocardial infarction), and 2 died from acute congestive heart failure.
The majority of patients in the cardiac complication group (57.4 percent) were rated as ASA Physical Status III (Figure 2 ) while METs were estimated as "less than 4" for 46.8 percent. Low METs were more common in ASA III and IV patients while Higher levels of METs were seen in ASA I and II patients. The majority of the patients in the group without cardiac complications were rated as ASA-PS II (54.5 percent) while there was an even distribution of estimated METs from "less than 4" through "METs = 8." A proportion of patients included in the study (12.6 percent) had surgery (hip or knee arthroplasty, lumbar laminectomy or fusion, and major amputation) for conditions that potentially could limit activities of daily living for reasons other than limited cardiovascular reserve.
Patient age was a strong predictor of cardiac complications, death, and lengths of stay. Receiver operator characteristic (ROC) curves were constructed to graphically demonstrate the sensitivity and specificity of age, METs, and ASA-PS for cardiac complications and death (Figures  3a-f) recurrent myocardial infarction will occur in 1.1 million patients this year; one-third of these will be fatal [13] . Although death from cardiovascular diseases declined 34 percent from 1980 to 1990 [14] , the actual number of deaths in the same period declined only 2 percent.
Goldman et al. [15] described one of the earliest strategies aimed at determining which patients are at highest risk of adverse cardiovascular events with elective surgery. It continues to be used more than 20 years later although others have suggested modifications, which include an assessment of functional capacity [16] . The ACCIAHA Guidelines stratify the need for preoperative cardiac testing on the basis of an estimation of the patient's activities of daily living expressed in METs. However, the predictive value of the clinical estimation of METs has not been validated in a prospective series of patient presenting for elective, noncardiac surgery and the value of this strategy has been questioned [17] .
Preoperative assessment of cardiac risk is important because of the adverse consequences of unexpected cardiac complications following surgery. Length of stay and cost of treatment can escalate when patients require intensive care and invasive interventions for cardiac complications. More importantly, cardiac compli-cations such as acute myocardial infarction, acute congestive heart failure, or serious arrhythmias are associated with high risk of death. These complications are believed to be more common for patients with advanced age as well as pre-existing conditions such as coronary artery heart disease, hypertension, severe valvular heart disease, and diabetes mellitus.
Our prospective study has shown that the predictive power of METs for adverse, perioperative cardiac outcomes is poor when its correlation with adverse cardiac outcomes is scrutinized in a multivariate analysis combined with ASA-PS and age. While METs has predictive power when used univariate analysis, when combined with age and ASA-PS in multivariate analysis it does not add to the predictive value.
The methodology we have chosen puts limits on our ability to interpret our data. We relied on the evaluation of METs by a variety of physicians including attending physicians, fellows, and residents in anesthesiology. Since patients were assigned randomly for preanesthetic assessment, observer bias can be estimated by an analysis of distribution of each practitioner's evaluation of ASA-PS and METs. We analyzed the evaluative process for the seven physicians with the most patient visits in our clinic. There was minimal difference in the distribution of ASA-PS assessments among the physicians working in our Preadmission Center (Figure 4a ). There was virtually no disparity in percent of patients rated as ASA I or IV but there was more disparity in those rated ASA II and III. These differences were much more evident in the distribution of the estimated METs at the levels of 4, 6, and 8 METs, suggesting observer bias in the interpretation of patients' description of their daily activities (Figure 4b ). 1, 2, or 3 ). Our goal, however, was to adhere as closely as possible to the ACC/AHA stratification of METs. It is possible that there is significant predictive value of METs if a study could discriminate activity at these lower levels.
In another preadmission program similar to ours, analysis of factors associated with adverse cardiac outcomes have been used to construct a simplified index for prediction of cardiac risk associated with major, noncardiac surgery [19] . Six preoperative criteria were given equal weight in estimating risk. The indices included highrisk surgery, history of ischemic heart disease, history of congestive heart failure, history of cerebrovascular disease, preoperative treatment of diabetes with insulin, and preoperative serum creatinine greater than 2.0 mg/dl. Incremental presence of the indices in a validation cohort showed cardiac complication rates increasing from 0.4 percent to 11.0 percent. The ROC curve area for the risk classification system was 0.806, a significant improvement over other indices, including ASA-PS, applied to the same cohort.
Mangano has also attempted to simplify the process for preoperative assessment of the patient with cardiac disease [20] . He has constructed a decision tree that uses the known presence of coronary artery disease, risk factors for coronary artery disease, and patients' functional status to determine the need for diagnostic testing and the preoperative treatment of patients for noncardiac surgery. However, his criteria for functional status are very similar to those in the ACC/AHA Guidelines and are subject to the same limitations of observer and reporter bias that we have encountered.
Preoperative estimation of METs as part of a preanesthetic assessment does not contribute to the ability to predict adverse perioperative cardiac outcomes. ASA-PS and patient age are much better predictors of cardiac complications, death, length of stay, and cost of hospitalization. The results of this study do not support the use of METs for stratification of the need for preoperative, noninvasive cardiac tests or modification of cardiac management as recommended in the guidelines of the ACC/AHA.
